obtained led them to suggest a phospholipid character for the outer layer of the red cell. Bangham, Pethica, and Seaman (3) using the "cation spectrum" method also suggested that phosphate groups were dominant on the red cell surface.
The concept of a simple ionogenic surface for the erythrocyte has always led to difficulties in the interpretation of experimental data. For instance discoidal, sphered (4) , and sickled erythrocytes (5) possess the same net charge densities although they have quite different surface areas. Abram.son (5) invoked a stabilising mechanism which would maintain a fixed charge per unit area in order to explain the constancy of charge density whilst the surface underwent marked changes in area and shape.
It is also recognized that erythrocyte surface charge density decreases markedly with reduction in ionic strength of the suspending medium (6, 7). Bateman and Zellner (6) were able to fit their electrophoretic data and those of Furchgott and Ponder (1) and Brody (7) to an adsorption isotherm. They also found that guinea pig erythrocytes were similar to human erythrocytes in their charge density-ionic strength relationships.
Similar adsorption isotherms have been obtained for the relationship between bacterial surface charge density and the ionic strength of the suspending medium (8) (9) (10) (11) . Most of these authors concluded that they were dealing with essentially non-ionogenic surfaces similar to the inert hydrocarbon with an adsorbed sugar layer described by Douglas (19) or the polysaccharide surfaces described by Saric and Schofield (13) .
In this investigation an attempt has been made to obtain the conditions for electrokinetic stability of the normal, washed, uninjured human erythrocyte from the pH-ionic strength-mobility relationships and also to discuss the nature of the ionisable groupings present on the surface.
T H E O R E T I C A L

The Electrical Double Layer Associated with the Red Cell
Hydrodynamically the surface of the red cell may be defined as the region located some 5 A radially inward from the plane of shear at which a definite change in rheological properties of the suspending medium commences. The permeability of the cell to anions, some polyhydric alcohols, and sugars (14) supports the view that the interfacial region of the cell may be more analogous to a three dimensional meshwork than to a solid particle. Within this open meshwork of groupings a continuous change in the double layer will occur modified by the number of positive or negative ionogenic groupings in any arbitrarily defined plane within this membrane interphase.
The situation possibly present in the penultimate layers of the membrane is shown pictorially in Fig. 1 . The situations for high ionic strength >0.1 and low ionic strengths <0.01 are shown in sections b and c of the figure. A plane B arbitrarily chosen say 10/~ within the hydrodynamically defined surface will give for the high ionic strength case (b) no contribution for any groups located at or further within the interphase than plane B, the charge asymmetry from ionogenic groups at plane B having "decayed" to a very small value before reaching the outermost array of charged groupings; for the low ionic strength case (c) the charge asymmetry decays less rapidly and the inner groups at plane B will contribute to the net zeta potential measured at the plane of shear O.
The mobilities (V) of the erythrocytes were calculated in microns (~) sec. -1 volt -1 cm. -1 and were converted into ~" potentials by use of the Helmholtz-Smoluchowski equation
in which ~ and D are the bulk viscosity and dielectric constant of the suspending medium. This relationship is valid for non-conducting particles whose double layer is thin compared to the radius of curvature of the particle. The ~" potential can be regarded as a mobility corrected to unit bulk viscosity and unit bulk dielectric constant. The effective thickness of the ionic double layer (X in AngstrOms) at 25°C. for various ionic strengths is given by X = 3.05I -m ( 2 ) in which I is the ionic strength used in the function described by Lewis and Randall (15) 
I_-l~ 2 ~ c~z¢
in which c~ is the ionic concentration and z~ the valence. The effective thickness of the double layer increases rapidly with reduction in ionic strength. In molar solutions of uni-univalent electrolytes the thickness is hardly greater than one ionic diameter (ca. 3 /~.), whereas at 10 -3 molar the thickness has increased to approximately I00/~. Near a charged surface in an aqueous medium the concentration of ions of opposite sign to the surface is the more important concentration in defining the electrokinetic properties of that surface. The ionic concentration should be adjusted so as to keep the counter ion charges at constant concentration. The counter ion or "Gouy strength" would thus be a better criterion than the ionic strength in some cases (I 6). For example, at low charge densities 0.15 M NaCI has an ionic strength of 0.15 and a Gouy strength of 0.15 with respect to a positive or negative surface, whereas 0.05 M Na2SO4 has the same ionic strength 0.15 as 0.15 M NaCI but a Gouy strength of 0.20 with respect to a positive surface and 0.10 for a negative surface.
Another factor to be considered at a charged interface in an aqueous medium is the hydrogen or hydroxyl ion asymmetry produced by this charge. In consequence the effective pH near the surface of a particle is different from that measured in bulk by a pH meter. Assuming a Boltzmann distribution and no solvation effects, the pH value near a surface (pHi) is given by
T h e importance of surface p H has been discussed by Danielli (17) , and Craxford, Gatty, and Teorell (18) who also suggest that a strict definition of "surface p H " cannot be given because the surface region is essentially inhomogeneous normal to the surface plane.
Since the ~" potential is < 50 mv. and the suspending media are based on uni-univalent electrolytes, the charge density (a) may be evaluated from the equation (19) 
N denotes Avogadro's number, k the Boltzmann constant, T the absolute temperature (298°K), and e the electronic charge. This equation reduces to a = 3.52 X 104I"2 sinh (5-~.3)
(5)
No correction factor for the finite size of ions was used (20) .
E X P E R I M E N T A L
Apparatus
The electrophoretic mobility measurements were carried out in a cylindrical tube apparatus with the objective and tube immersed in water at 25.0 4-0. I °C. described previously (21 
M a t e r i a l s
Materials were analar grade with the exception of the sorbitol. ~ The analar hydriodic acid was redistilled in vacuo twice in order to reduce the iodine and sulfur impurities. All stock solutions were made up in water distilled twice from pyrex glassware and filtered when necessary. A 1.45 M stock sodium chloride solution was autoclaved and stored at 4°C. Solutions prepared from stock were used within 3 days.
The isotonicity of the low ionic solutions was maintained with either glucose, sucrose, or sorbitol. Sorbitol was finally chosen as the most functionally homogeneous, since it only possesses alcoholic hydroxyl groups and no carbonyl functions.
Glucose and sucrose have a number of disadvantages. Sucrose undergoes hydrolysis to glucose and fructose, and may contain divalent cations (i.e. Ca and Sr) derived during its manufacture; in addition there is the possibility of reaction between metal or buffer ions and the sucrose to form complexes. Glucose penetrates the red cell (23) and under alkaline conditions undergoes rearrangement to form fructose, mannose, and the 1,2-enediol (24) . However, despite these objections the results obtained for glucose, sorbitol, and sucrose are in good agreement (see Fig. 2 ).
Sodium chloride solutions having ionic strengths in the range 0.00725 to 0.00218 were prepared in 5.0 per cent sorbitol. That of ionic strength 0.145 was made up in distilled water, that of 0.0145 in 4.5 per cent sorbitol, and 0.029 in 4 per cent sorbitol. All these solutions were 3.0 X 10 -4 M with respect to sodium bicarbonate. Sodium fluoride, iodide, and thiocyanate solutions of similar ionic strengths were prepared. A corresponding range of ionic strengths of hydrochloric and hydriodic acids and also of sodium hydroxide solutions were prepared for changing the pH range of a given suspension of erythrocytes.
In the calculations the contribution to the total ionic strength of the added sodium bicarbonate was included. The contribution to the ionic strength from bicarbonate
derived from atmospheric carbon dioxide and also the ionic contribution from the erythrocytes themselves were neglected.
Preparation of Erythrocyte Suspensions
Blood, obtained by venipuncture from a number of persons of differing blood groups (phenotypes A, B, and O Rh-positive and O Rh-negative), was defibrinated and examined immediately. The blood was centrifuged and the supernatant serum removed. One volume of the packed erythrocytes was then washed four times with 100 volumes of 0.145 M sodium chloride, 3.0 X 10 -4 M sodium bicarbonate solution by centrifuging at ca. 1400 g for 10 minutes. One further wash was then given in the diluent of appropriate ionic strength. It was found necessary to keep the pH of the suspending medium between pH 7.0 and 7.5 to avoid agglutination and slow hemolysis when transferring from high to low ionic strength systems. Sodium bicarbonate was chosen as a buffer component. Other buffer systems were avoided because of the complexity likely to result from the introduction of further ion types into the red cell suspending medium. After washing, the ceils were made up to a 10 per cent v/v stock suspension. The erythrocytes were washed and kept at pH 7.0 to 7.5 prior to measuring the electrophoretic mobilities.
Hemolysate solutions were prepared by lysing samples of packed erythrocytes washed in 0.145 M aqueous sodium chloride with 50 volumes of doubly distilled water. Solutions of the appropriate ionic strength and tonicity approximately 0.1 per cent and 0.02 per cent with respect to hemoglobin were then made up from these hemolysate solutions and used as erythrocyte suspending media for testing hemolysate adsorption.
All electrophoretic measurements were made on freshly prepared samples of an 0.05 per cent v/v suspension of erythrocytes and the runs commenced either immediately or at 10 minutes or 40 minutes after adjusting to the desired pH. Whilst making adjustments in the pH some 2 minutes must be allowed for the erythrocytes to come into equilibrium with the new bulk pH. The results were obtained in a system in equilibrium with atmospheric carbon dioxide and oxygen.
R E S U L T S Fig. 1 (a) depicts the situation present in the penultimate layers of the membrane. The double layer associated with the red cell membrane for high ionic strengths (>0.1) and low ionic strengths (<0.01) is shown in Fig. 1 (b) and Fig. 1 (c) . Fig. 2 shows the pH-surface charge density relationship for red cells examined in glucose, sorbitol, and sucrose at an ionic strength of 0.0145. Fig. 3 shows the relationship between bulk pH and mobility of h u m a n erythrocytes for a set of ionic strengths in a sorbitol-sodium chloride-sodium bicarbonate system. Some intermediate "isopotential slopes" have been omitted for the sake of clarity. 4 shows the variation in mobility with ionic strength at a bulk p H of 7.4 for the sorbitol-sodium chloride-sodium bicarbonate system (authors), compared with the results of Furchgott and Ponder (1) for glucose-salinephosphate buffer at p H 7.3. Fig. 5 shows the simple adsorption isotherm relationships obtained for red cells suspended in sorbitol-sodium chloride, fluoride, iodide, or thiocyanate solutions. 
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FIGURE 5. The adsorption isotherm for human erythrocytes in NaCI, NaF, NaI, or NaSCN at a surface pH of 6.5 ((r in e.s.u, cm.-a). Table I shows, for each ionic strength of the sorbitol-sodium chloridesodium bicarbonate systems investigated the ranges of stability and metastability and the estimated isopotential points for the human erythrocyte. 
T A B L E I H U M A N E R Y T H R O C Y T E S IN A Q U E O U S S O D I U M C H L O R I D E , S O D I U M B I C A R B O N A T E , S O R B I T O L SYSTEMS
D I S C U S S I O N
The electrokinetic properties of the surface region of the human erythrocyte which vary with pH and ionic strength may arise either from factors associated with the presence of ionogenic groups, adsorption of ions, changes in the effective thickness of the electrical double layer, adsorption of hemolysate, elution of components from the membrane, rearrangement of the molecular architecture of the surface, or a combination of several of these factors. The surface charge density of human erythrocytes calculated at a surface p H of 6.5 for sodium chloride-bicarbonate-sorbitol systems decreases systematically with decreasing ionic strength (see Fig. 5 ). There is, from ionic strengths 0. 145 to 0.002 a decreasing range of pH over which for any one ionic strength the charge density of the erythrocytes remains constant (see Fig. 3 ). At lower ionic strengths the net charge density varies continuously with pH. Concurrently there is an increase in the value of the pH at which the erythrocyte can be rendered isopotential.
It was necessary to calculate the surface charge density of the red cell at a surface pH of 6.5 rather than 7.0 because at ionic strengths <0.007 the bulk pH would be > 7.5 for a surface pH of 7.0 and the red cell is not electrophoretically stable at a bulk pH > 7.4. At a pH >8.0 and ionic strengths <0.0145 there is a wide range in the mobility values with some 20 per cent of the cell population crenated and having a mobility some 50 per cent greater than the mean for other cells at that pH. Erythrocyte suspending media of very low ionic strength (<0.001) cannot be used since the change in the thickness of the electrical double layer with change in ionic strength is so large that changes in the environment of the erythrocytes as a result of ion leakage from the cells would lead to quite large indeterminable errors in the mobility measurements. In addition there is a practical objection to the use of very low ionic strengths since the thickness of the red cell double layer will be in the region where the Smoluchowski equation requires correction.
Electrokinetic measurements can only be considered meaningful if comparable samples of red ceils examined under identical conditions give reproducible results over a standard period of time. Using human red cells and sodium chloride-bicarbonate-sorbitol systems of low ionic strength (~0.007) it has been found that slow progressive decreases in the mobility of red cells with time begin in the pH regions where the initial electrophoretic mobility is decreasing markedly with pH, or at any pH when the ionic strength of the system is <0.007.
Bateman and Zellner (6) have shown that decreases in mobility occur when guinea pig red cells are allowed to stand in phosphate glucose buffer solutions of low ionic strength. A change in mobility with time at low ionic strengths has been commented on by other authors (7, 25, 26 , and 27) and described as "cell injury" by some workers (1, 7, and 28).
In this investigation if the red cells conformed to the conditions shown in Fig. 6 , B and C, they were considered to be "uninjured." Two stability states for the membrane of the red cell are defined.
The unshaded area (Fig. 6C) ifidicates the conditions of pH and ionic strength of the suspending medium for which reproducible mobilities can be obtained for at least 2 hours. This unshaded area, C, is termed the region of electrokinetic stability.
The shaded area (Fig. 6B) shows the range of ionic strength and pH for which reproducible electrophoretic results can be obtained immediately, or for up to 5 hours of standing, only for some 15 minutes after rewashing the ceils in 0.145 r,l aqueous sodium chloride and then resuspending in the appropriate ionic strength. Washing in lower ionic strengths fails to restore the cells to their original mobilities. The shaded area is termed the region of metastability. In this metastable region the normal erythrocyte in low ionic strength undergoes slow reversible decreases in mobility. The total area of this region develops with time at a rate dependent upon the age and method of storage of the blood. No electrokinetic measurements are made on washed cells which have been suspended in low ionic strengths for periods greater than 5 hours.
The p H and ionic strength, not unexpectedly, are linked parameters, an excessive increase or decrease of either leading to metastability or instability of the membrane of the erythrocyte.
The area of metastability has been shown from hemolysate adsorption experiments to arise as a result of gradual hemolysis of part of the red cell population. Red cells examined in hemolysate solutions show stable electrokinetic behavior at p H 7.0-7.5, their behavior at < p H 7.0 depends upon the ionic strength of the suspending medium, the lower the ionic strength the greater the reduction in mobility and also the higher the pH at which this reduction is apparent. The hemolysate consists principally of hemoglobin (isoelectric point 6.8) and it is likely therefore that the observed mobility reductions are in fact produced by the adsorption of hemoglobin. The adsorbed hemolysate can be removed by washing the red cells in 0.145 M aqueous sodium chloride. When such cells are resuspended in the low ionic strength medium they then show their original mobility. Eggerth (30) had shown previously that at a very low ionic strength and pH < 7.0 the decrease in mobility of red cells was largely due to the adsorption of hemolysate.
The interpretation of cation and anion binding data at ionic strengths <0.1 and pH 6.8 will be complicated by the adsorption of hemolysates. This is especially true of cations such as the cupric or uranyl ion, whose solutions have a low natural pH which will facilitate hemolysis.
The observed decrease in mobility of red cells could be attributed to the leaching out of components from the ultrastructure. Lovelock (31) has demonstrated that a considerable proportion of the membrane components such as cholesterol, lipoprotein, and phospholipids are extracted by repeated washing in aqueous sodium chloride. The decrease discussed above is probably not due to elution, for by appropriate washing the original mobility can be regained, even for cells which have been washed t6n times in 0.145 M aqueous sodium chloride. Hemolysis of the stock erythrocyte suspensions increases some 4 hours after defibrination and washing of the whole blood. This increased hemolysis is probably related to a decrease in the metabolism of the cell, perhaps glycolysis. Fluoride and thiocyanate ions, presumably by inhibition of some of the centres of metabolic activity of the cell, produce, more rapidly, slight lysis of the cell suspension and consequently an accelerated development of the area of metastability.
The area outside the envelopes (Fig. 6A) is defined as the region of instability. Red cells u n d e r the conditions indicated for this region do not, after resuspending in any medium possessing an ionic strength and pI-I to be found in the metastable or stable regions, show mobilities corresponding with the values expected for these regions. Changes in this region are attributed to actual alteration of the surface structure rather than to the adsorption of hemolysate, for instance at acid pH the surface esters and phospholipids could undergo hydrolysis with the irreversible alteration of membrane constituents. Such effects are suggested by the results of Ponder and Ponder (29) who found that the mobility of red cell ghosts varied with the method of preparation and that the mobility of freshly washed red cells decreased with the time of storage of the whole blood at 4°C.
The isopotential points given in the table cannot The change in the isopotential point of the erythrocyte can be explained on the basis of rapid partially reversible adsorption of hemolysates as a result of red cell destruction at low pH. At ionic strengths >0.007 red cells reversed rapidly to pH 7 immediately after rendering isopotential, without change of ionic strength, show the expected mobility for the electrokinetically stable area of the envelope. If, however, cells are kept at their isopotential points for any length of time, the actual period will depend on the particular ionic strength, the electrophoretic reversibility is gradually lost, and the unstable cell hemolyses. Reorientation of the membrane (6) under the influence of the large intramembrane ionic gradients as an explanation for the changing isopotential
point at low ionic strengths requires the presence of a number of orientated reversible states of approximately equal stability and is therefore unlikely. Agglutination of the red cell readily occurs in low ionic strength systems (7, 25-27, and 30) and was observed when the pH was reduced to a value at which the net surface charge began to decrease rapidly. The explanation for this agglutination can be considered along the lines elaborated by Verwey and Overbeek (32), who have considered the energy of interaction between two particles approaching one another. The energy of interaction for a particle of low solvation can be expressed in terms of the sum of an electrical repulsion, which would depend primarily on the particle charge and the ionic strength of the suspending medium, and a "long range" van der Waals attraction. The decrease in net charge of the red cell at a given ionic strength will thus lead to a reduction in the repulsive term mentioned above. This reduction will, provided that the energy of attraction is more than a certain critical value, lead to agglutination of the red cells.
The relationship between erythrocyte charge density and ionic strength at a surface p H of 6.5 and ionic strengths /> 0.0029 was found to fit an adsorption isotherm of the Langmuirian form (33) KC a = aL1 + KC (6) in which aL is the limiting value of the charge density a in the particular concentration range and K is a constant, C is the concentration which is equal to the ionic strength for uni-univalent systems considered. The equation may be transformed into its linear form -in which 1/aLK is the slope and 1/aL the intercept, aL is proportional to N o / N in which No is the number of sites per cm. ~ of surface which are capable of retaining adsorbed molecules in the surface plane. N is Avogadro's number. The constant K and therefore azK depend on the heat of adsorption, hence their magnitude for different ions could give a qualitative adsorption series. aLK and K can be obtained graphically from the slope and intercept. Only the electrokinetically stable red cell has been found to conform to the isotherm. The surface of the erythrocyte does not possess a simple solid boundary. The interracial region is analogous to a molecular sieve porous to certain ions, so that ions within the penultimate regions of the membrane could contribute to the electrokinetic properties at the plane of shear. An electrokinetic contribution from ionogenic groupings within the membrane ultrastructure modified by ion adsorption or association in these deeper regions could arise as the influence of the double layer extends further into the suspending medium at these lower ionic strengths (see Fig. 1 ).
Adsorption isotherms of the Langmuir type can be derived from electrokinetic measurements on biological surfaces in the following circumstances :
1. For ion adsorption on to an essentially non-ionogenic surface. 2. For gegen ion association such as the binding of ions to ionogenic macromolecules. 3. For different regions of a heterogeneous interphase becoming manifest at different ionic strengths. Mitchell (34) , for instance, suggested that the primary surface of "smooth" bacteria is covered with an envelope of some material, which, while preventing the shearing of water, would allow exchange of ions between the water phase and the primary surface of bacterium. This type of situation would explain the observed reduction in net charge density at high ionic strengths for the smooth variants. These three cases are based on the assumption of a smooth surface of large radius for the red cell. There is, however, support from the electron microscope studies of Hillier and Hoffman (35) for a microcrenated surface. If the surface is "rough," it is not possible as yet to ascribe a radius of curvature, nor a shape to it. Since different equations are used to relate charge density and mobility for spheres, cylinders, and discs it is not possible to carry out any computations assuming a microcrenated surface of constant charge density until more definite data are available with regard to the effective shape and radius of curvature.
The three suggestions should be considered in relation to the ionic strengthsurface charge density data for the erythrocyte in chloride, fluoride, iodide, and thiocyanate systems (Fig. 5) for which ~F = ~C1 = aI --aCNS was obtained, in which aF, o-C1, ¢I, and aCNS are the respective surface charge densities in suspending media composed of fluoride, chloride, iodide, and thiocyanate as the effective anion. Rapid measurements at a low ionic strength (0.0029) did give iodide mobilities, just significantly greater than for the equivalent chloride. The higher mobility observed in iodide solutions at an ionic strength of 0.0029 can be explained on the basis of adsorption of a hemolysate such as hemoglobin, followed by a binding of iodide ions to the adsorbed protein (36) .
The iodide results were shown not to be produced by the unavoidable small quantity of free iodine in the sodium iodide solution by running controls saturated with analar iodine in the pH regions where the red cell was electrokinetically stable. No specific iodine effect as a result of the iodination of membrane proteins was observed.
Ion adsorption depends on the hydration of the particular ion which can be expressed in terms of an energy of hydration. Thus the degree of ion adsorption would be expected to follow in the order CNS > I > C1 > F (36) . For ion binding (gegen ion association) the degree of binding would depend on the intrinsic dissociation constant of the complex formed. The equivalence in the degree of adsorption of fluoride, chloride, iodide, and thiocyanate onto the red cell membrane suggests that the surface is not predominantly nonionogenic and furthermore that it lacks any appreciable positive ionogenic character, otherwise an "anionic spectrum" would be produced.
If the red cell possessed any positive ionogenic groupings different anions used in the suspending medium would indicate this by forming the anionic spectrum where the charge reversal concentrations would follow the sequence HPO]-< CNS-< I-< C1-< F -for the purely positive surface. However, for the erythrocyte which possesses a predominantly negative charge, the anions would in fact produce an increase in the net negative mobility by binding the available positive groupings. Such a sequence is not found and the greater negative mobility found in phosphate buffer at the same ionic strength and pH as the monovalent systems can be explained along the lines outlined below.
The mobilities of red cells in M/15 phosphate buffer at p H 7.0-7.5 are found to be some 20 to 25 per cent higher than in aqueous sodium chloride of the same ionic strength and pH. As the difference has been shown by Brody (7) to become apparent only at ionic strengths >0.01 it is unlikely for instance that the phosphate is complexing specifically with calcium in the membrane. The phosphate buffer at pH 7 contains both singly and doubly charged anions, while the chloride system is singly charged. The red cell is negatively charged so the counter ion concentration rather than the ionic strength should be considered as the correct criterion for comparison with chloride.
The counter ion concentrations (sodium ions) of the chloride and 0.172 ionic strength phosphate are in fact found to be similar at the point of equivalent mobilities, namely 0.100 M aqueous sodium chloride. At pH 7.0 the phosphate buffer composition is 6 parts 0.067 M N a , H P O , -k-4 parts 0.067 M KH2PO4 and the equivalent counter ion concentration (Gouy strength) is therefore 6/10 X 0.067 X 2 + 4/10 X 0.067 X 1 and is equal to 0.107. There is therefore no specific difference between chloride and phosphate, the apparent discrepancy arising through the use of ionic strength as opposed to Gouy strength in comparing the mobility of the red cell, in chloride and phosphate systems.
Differences found among thiocyanate, iodide, chloride, and fluoride at a surface pH of <6.5 can almost certainly be attributed to the adsorption of positive hemoglobin which would give the red cell membrane an apparent partial positive protein anionic spectrum. No real differences are detectable at a surface pH of 6.5 for ionic strengths >0.003. Douglas (37) suggested gegen ion association in order to explain the apparent non-ionogenic behavior of alginic acid and chitosan hydrochloride.
Ideally the charge density-ionic strength relationship for a non-ionogenic system should be of the simple adsorption isotherm type and simple ionogenic systems should only show small changes in charge density as the ionic strength is reduced (28) . Alginic acid at pH 6.0 shows only one carboxyl group per ten sugar units and not the one per unit expected from its chemical structure. Douglas (38) attributed this anomalous behavior of alginic acid to strong sodium gegen ion adsorption. Such behavior has been described by Huizenga et al. (39) for aqueous solutions of polyacrylic acid and sodium hydroxide. Similarly Klotz (40) has related the binding of ions by proteins to a Langmuir adsorption equation using a mass action law treatment. He has shown that the ratio of bound ions to total moles of protein can be written as CCo/(Ka + C) in which C is the number of ions bound per particle under specified conditions, Co is the maximum number of ions bound, and Ke is an intrinsic dissociation constant (reciprocal of binding constant, (see equation (7)). The treatment is valid only for the independent adsorption of individual ions, so that no ion-ion interaction is postulated. Gegen ion association of the type described by Douglas, Huizenga, or Klotz would not show appreciable pH dependence away from the pK of the particular group, as is in fact found to be the case for red cell behavior within the region of electrokinefic stability (Fig. 6) .
The constancy of the mobility of the red cell at ionic strengths >0.0145 at a pH > 5.5 excludes the possibility of appreciable quantities of non,ionogenic substances such as cholesterol or simple lipids, being present near the plane of shear. The appreciable negative mobility also excludes polysaccharides as major surface constituents, since polysaccharides show an almost zero mobility over a wide range of pH and ionic strength.
The cholesterol of the membrane is in dynamic equilibrium with the plasma (41) which suggests that cholesterol is present in the surface region of the membrane. However, some 10 per cent of the surface would have to be composed of cholesterol before its electrophoretic behavior could be detected. Similar arguments apply to the blood group substances and other constituents of the membrane which are present in small quantities.
The variation in electrophoretic mobility with pH at ionic strength >0.0145 indicates that the first 10 to 20 A of the membrane interphase possesses effectively one monobasic group of pK 2.0-2. 5 . No simple amino groups are located in the surface interphase since the mobility is constant in the range pH 5.5 to 10.0 and no immediate change in the sign of mobility is found at low pH. The presence of substances in the surface with a pK outside the pH range examined is of course possible; for instance the p/~% of the guanidinium group (12.5) would be too high to be detected, but some evidence for its presence ought to be obtained from the anionic spectrum. Furthermore, the observed pK is low for most carboxyl groups, since most monomeric carboxyl corn-pounds likely to be found in biological systems have pK's in the range 2.0 to 4.8 (42) . A pK of 2.0-2.5 is more usually expected for phosphate groups (3), rather than for carboxyl groups.
More direct evidence for the presence of phosphate groups on the surface of the red cells is given by uranyl ion binding data (2, 3, and 43). However, the interpretation of such data must be considered in relation to the unavoidable leakage of phosphate ions from the cell at the natural pH of the uranyl solutions, furthermore the red cell suspension possesses a buffer capacity which will modify the natural pH of the uranyl solution. This change in pH will produce changes in the complex structure of the uranyl ion (44) . The leakage of phosphate ions will also lead to the formation of a uranyl phosphate sol which in the presence of excess uranyl ions will be positively charged and therefore readily adsorbed by the red cell (45) . Despite these difficulties the presence of phosphate groups derived from the phospholipid of the membrane is probable (2 and 3).
It is probably misleading to compare the,apparent pK of the red cell directly with any simple substances, since the behavior of a complex surface is likely to be quite different from that of the individual components. That this is so is indicated clearly by the data of Furchgott and Ponder (1) who obtained immediate isopotential points of 2.7 for the lipid extract of the red cell membrane, 4.5 for the membrane protein, but 1.7 for the intact red cell, which is much lower than that for the extracted components.
The electrophoretic observations up to the present suggest that the surface structure of the saline-washed human erythrocyte can be based on a macropolyanion, the properties of this charged system being modified by gegen ion association and under certain circumstances by hemolysate adsorption. There is insufficient unambiguous data to ascribe the observed electrokinetic properties to any specific chemical constituents. The evidence for the negative charge being produced principally by phosphate groups is circumstantial and might in fact be principally due to a low pK carboxyl or a sulfate group or a mixture of groups. At physiological pH and ionic strength there are no positive groupings in the charge-determining region. An explanation has been given of some of the conditions which have previously been described as "cell injury" and also why there has been such great diversity in the so called "isoelectric points" obtained for human erythrocytes in various suspending media (1, 3, 27, 29, and 46). 
